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INTRODUCTION
Although extensive research has been done on the role ot
parathyroid hormone in bone resorption, there is a great deal
that still remains unknown.

In recent years the literature has

mirrored the great interest in solving the problem of how parathyroid hormone effects bone resorption.

Advances in recent

decades are the result of the application of new research tools
or which among the most important is the method developed to
purify parathyroid hormone (Aul'bcach calld Potts, '67).

b.rrued

with a relatively pure parathyroid extract (PTE) the investigator has unlimited vistas for his curiosity.
of

·~he

?he chemistry

hormone, the causes for its secretion, its biochemical

action and finally the mechanism of its action, are a few ot
the areas tor investigation.

Work done in these areas is dis-

cussed and brought into perspective i.n review works by Greep
and Talmage ( 1 61), Gaillard and Talmage (•6,), and Aurbach and
Potts ( 1 67).
This investigation involves a study of the effects PTE has
on fixed and fresh frozen, sectioned, fetal rat heads, as demonstrated by various histochemical staining procedures specific

tor calcium,collagen, and acid mucopolysaccharides or cartilage
and bone.

Slides or fixed and fresh frozen, sectioned, fetal

1

2

rat heads ·were incubated in soluti.ons of PTE for times of up to

48 hours and then histochemically stained to detect alterations.
For purposes of controls, slides were similarly incubated without PTE.
It is the opinion of this investigator that the approach
will shed new light on the problem of how PTE effects bone re.
sorption.

REVIEW OF LITERATURE
Research into the mechanism of bone resorption is centered
around the use of purified bovine parathyroid hormone.
single chain polypeptide, molecular weight or about

It is a

8,5oo,

with-

out any covalent intra-chain cross linkage (Aurbach and Potts,

'67).

The purified product stimulates both calcium mobilization

from bone and phosphaturia in parathyroidectomized animals
(Aurbach, '59).
In recent experiments (Potts and Aurbach, '66) evidence
has been gathered that indicates of the 80 or so amino acids or
the polypeptide chain only 16 are necessary tor biological ao.
tivity.

Within this active fragment it has been determined that

the methionine, tryptophan, and tyrosine are each critically important for biological activity.

Oxidation of the sulfur to the

sulfone on a methionine (R.S.CH3 ),~~{R.S02CH3) results in loss
of biologic activity(Copp, '65).

Immunologic activity of the

molecule is not markedly altered unless the tyrosine is modified
(Potts and Aurbaoh, '65).

These studies show that the regions

required for biological and immunologic activity although not
identical, share a common sequence ot amino acids.

This rela-

tionship permits immunoassay to detect the hormone in physio.
logic fluids (Aurbach and Potts, '67).
Secretion of the hormone seems to be primarily determined

3

4

by blood calcium levels.

Some recent work suggests that magne.

sium and phosphate also directly influence parathyroid secretion, but this evidence at best only shows an indirect influence
upon secretion through their effect on calcium levels in the
blood (Aurbach and Potts, '67; Talmage and Tart, '61).
The hormone has been observed to produce two effects both
independent of the other, one is calcium mobilization from the
skeleton and the other is the production of phosphaturia.
principle physiologic function of the hormone is

The
or

regulat~on

calcium in body fluids through resorption of calcium from bone.
The phosphaturic effect might be considered "extraskeletal" unrelated to hormonal control of calcium (Aurbaeh and Potts,

1

67).

Recent identification of thyrocalcitonin (Hirsch et al., '63),
a secretion or the thyroid gland, may explain the phosphaturic
response since this hormone may itself contribute to the phosphaturic response (Robinson, '6').

Thyrocalcitonin is also

reported to act on bone (Aliapoulios et al., t66) as an inhibitor of bone resorption (Wallach et al., '67).

This evidence

would then still leave the physiologic significance of the
phosphaturic response unsettled.
There exists three prominent theories ot how parathy.
roid hormone affects bone resorption:

(1) the hormone induces

enzymatic destruction of bone matrix (Walker et al., '64;
Vaes,

'6')'

(2) it influences enzymic production ot organic

acids or chelators to dissolve bone salt (Firschein et al.,

;

'58), (3) or it activates biological ion transport systems that
might npump" calcium and/or phosphate from bone into the extracellular fluid (DeLuca et al.,

1

62).

In the first theory, a proteolytic potential of the mature
hypertrophic osteocyte which is augmented by PTE, is pointed to
as being capable of releasing calcium by destruction of the or.
ganic matrix to which calcium is bound (Belanger,

1

65).

This

theory is challenged by Bohatirehuk ( 1 63) who observed collagen
fibers completely denuded of their calcium crystals, without
being destroyed.

Bohatirchuk ('66) postulates ealeiolysis is

the initial stage of bone resorption while the second stage is
a removal or the denuded matrix.
The second theory concerns what has been called the naeid
mechanism theory" of bone resorption (Newman and Newman,

1

58).

Certain experiments have shown that the injection ot PTE may
lead to increased production by bone of citrate (Firschein et
al., '58) or lactate (Borle, '60).

This idea is found defective

in that stoichiometrically speaking, the increments in produc.
tion of acid. do not seem to account tor the amount of calcium
mobilized from bone (Aurbach and Potts, '67).

In short,more cal.

cium is mobilized than is accounted for in citrate production.
Recently, interest has developed in the third possibility
as an outgrowth of experiments showing that PTE 1D yitrg causes
rapid effects on calcium and phosphate transport in kidney or
liver mitochondria.

Under appropriate conditions,the hormone

6
1D yitrg causes the mitochondria to give up calcium (DeLuca et
al.,

1

62) or stimulates phosphate (Sallis et al., 163) potas-

sium and magnesium, (Rasmussen et al.,
chondria.

1

64) uptake by the mito-

The hormone also causes accelerated respiration and

pyridine nucleotide oxidation of mitochondrial suspensions
(Rasmussen and Ogata,

1

66).

These observations have led to the

postulation that these mitochondrial effects by PTE are the
basis for its biochemical mechanism (Rasmussen and Ogata, '66).
Other studies (Aurbach and Potts, '65), however, indicate that
the effects ot PTE on mitochondria are produced by other substances, namely other basic proteins, like histone, protamine
polylysine and a nonhumeral protein contaminant in crude PTE
preparations.

Also, since liver mitochondria respond to the

PTE, doubt is east on the results simply because the liver isnot
recognized as a target organ for the action of parathyroid
hormone (Aurbaoh and Potts,

1

67).

Basically, all research on the problem of how parathyroid
hormone affects bone resorption points to an enzymatic system at
the level of the cell or subcellular level which PTE activates.
The need tor osteoelasts to produce these enzymes is disputed
(Bohatirehuk, '63; Belanger et al., '63; Belanger,

1

65) or the

prerequisite that the bone tissue be living to effect calcium r
moval by PTE is also disputed (Martindale and Heaton,
and Raiz,

1

1

65; Stern

67). The need for increased acidity to produce an

environment in which the necessary enzymes can facilitate bone

7
resorption can not be overemphasized (Vaes,

1

65). Vfhether these

enzymes are present in all mineralized tissue living or dead
(Fullmer, •66) is disputed, and a further point of contention is
whether PTE can activate these enzyme systems in dead tissue
(Martindale and Heaton, '65; Stern and Raiz,

1

67).

Vaes ('65) postulates PTE causes bone cells to secrete lysOsomal hydrolases at the resorption sites.

Another effect or PTE

is to cause a pH shirt that favors enzymatic activity ot these
lysosomal bydrolases.

Because ot the pH shift bone mineral is

more soluble and this leaves the bone matrix denuded and available to the digestive action of the lysosomal hydrolases.
This study is limited to histological observations made on
components of bone and cartilage, known to be involved in bone
resorption atter treatment with PTE.

A briet review of litera.

ture on the roles ot calcium, collagen, and acid mucopolysaecharides in bone formation and resorption will follow.
CalQ1Ym•
Calcification or deposition ot calcium in the torm of an
hydroxyapatite (Ca (P04 ) 2 crystal in the organic matrix is ac.
3
complished by precipitation. The precipitation is from the
body fluids when concentration is around the supersaturation
point and is favored by an alkaline environment.

Conversely,

resorption is favored by an acidic environment (Ham, '65).
Robinson ('32) has shown large amounts of alkaline phospha.
tase in areas of calcification.

The presence of this enzyme is

8
thought to produce phosphate (rrom sugar phosphates) that could

indti&te calcification.

Deposition of calcium is thought to be-

gin in the acid mucopolysaccharides or the organic· matrix.

An

almost sponge-like affinity for calcium precipitates is exhibited by the intercellular substance or cartilage (Ham, '65).
Collagen.
Collagen is the commonest protein in the body.
serves to reinforce the organic matrix.

In bone it

Collagen in bone &rises

as a secretory product or osteoblasts, and has been thought to
serve as a nucleus upon which calcium crystal formation can occur

(I~m, '6~).

Since collagen is a major component ot cartilage and bone
matrix, its breakdown must be an intricate part or the resorp.
tion mechanism (Lapiere and Gross,

1

63). Stern and Mechanic

('63) determined trom finding hydroxyproline (a component or
collagen) in the tissue culture medium that collagen was being
removed during active bone resorption.
Collagen breakdown jn vitro is increased by PTE, (Walker et
al., '64; Kaufman et al., '65).

Woods and Nichols ('63) round

that there is a collagenolytic factor located in bone cells.
He postulates that this enzyme is not contained or released in
areas of bone matrix synthesis.

Stern and Mechanic ('63) also

postulates an enzymatic system located in bone tissue capable or
degrading collagen.

Gaillard ( 1 55) found that in areas of bone

resorption aniline blue would stain collagen intensively, evi.

9

dently due to some breakdown ot the collagen.
~

jycppolysaccbarig§s.
Acid !!lUCopolysaccharides represent the amorphous intercel-

lular substance ot bone and cartilage.

They are a secretion or

the osteoblasts in the case or bone and ehondroblasts in the
case or cartilage and occur as carbohydrate polymers with acidic
side chains.

These acidic side chatns can be either simple or-

ganic acid groups • COOH - or sulfuric acid groups.

An example

or an acid mucopolysaccharide containing a simple organic acid
side chain is hyaluronic acid; an example of a sulfuric acid
group containing acid mucopolysaccharide is chondroitin sulfuric acid of cartilage (Ham, '65).
The acid mucopolysaccharides of bone and cartilage or
chondroitin sulfate and hyaluronic acid serve as a cement substance in which collagenic fibers are embedded.

The presence of

these cementing substances is much greater in cartilage than in
bone and ror this very reason cartilage can take up more mineral
than bone (Ham, •65).

Cameron et al., ('67) using the electron

microscope, observed calcium being deposited in the amorphous
substance of cartilage, but in bone, calcium seemed to be deposited on collagen.
Heller.Steinberg ( 1 51), Engel ( 1 52), and Gaillard ( 1 55)
ha•1e reported an intensified staining of mucopolysaccharides in

areas where bone removal is occurring.

Zawich-Ossentiz ('27),

Kind ('51), Ruth ( 1 54, '61) have recognized the association ot

10

basophilic islands in osseous tissue undergoing resorption.
Engel • s ( 1 52) h1.stochem:i.cal evidence shOins that the

inc:r.e~ se

in

the inJ;;ensity of stnining following the adrr:inistrat:ton of PTE

is due tc « breakdown of bene matrix.

Ga111arc1

('55)

reports

that & strong basophilic reaction, in the histochenical staining
of bone tU1dergoing resorption was round in areas yet to be resorbed indicating the possib11i ty of flow a1•:ny from the actual

resorbing sites.
Mc~uchromasia

:t.:;. tissue sections has been

recognl:~ed

index to the presence of acid mucopolysacchal'ides

('~\·al;{er,

as an

'61),

and therefore a loss of metachromasia would indicate a loss of
acid mucopolysaccharides.

MATERIALS AND METHODS
The technique used involved the incubation of fi.xed and
frozen tissue sections from fetal rat heads with solutions or
parathyroid extract 1 (PTE), and was designed to study the etreet
of PTE on components

or

bone and cartilage known to be involved

in bone resorption.
Et§Daration

~

K§teri§l6•

Pregnant albino Sprague.Dawley rats deteroined to be an average

or

17-1/2 days pregnant were sacrificed by terminal ether

anethesia.

Fetuses from these pregnant rats were sacrificed by

decapitation and the heads were immediately placed in one
chemical .fixatives li.sted in the table below.

Table 1
Fixatiyes

~

I1ma

gf

FixatiQD

(1) Neutral Formalin - 48 hours
(2) (F.A.A.) Formaldehyde, Acetic Aoid and Absolute

Alcohol in proportion of (1-1.18) - 48 hours

(3) Acetone • cold 24 hours

(4)

So%

alcohol • cold 24 hours

(5) 1/2 acetone and l/2 So% alcohol - cold 24 hours
1 The PTE used throughout this investigation was the
commercial preparation Paroidin by Parke-Davis.

11

or

the

12

A freeze technique was also employed i.n which the fresh rat
heads were immediately frozen at .22°C, in the refrigeration
unit which houses a Cryo.Cut microtome (American Optical
Company).

Serial sections were made using the same Cryo.Cut

microtome also at a -22°C.

These sections were cut at 13 mi.

crons and placed on consecutive slides to dry tor 15·.... 20 minutes
before incubation.
The fixed rat heads were embedded in paraffin and serial
sectioned at 6-8 microns.

These sections were placed on slides

with and without egg albumen adhesive.

After drying for a day,

the slides were deparaf'finized in xylene and hydrated in a decreasing series of alcohols (100% and two changes of 95%) then
thoroughly rinsed 1n distilled water.

The slides were then in-

cubated at 37-38°C in 50 ml or one of the solutio~s given in
Table 2.
Table 2
§ol~tion§ ~ in l~QURiting
~!a Hnut§
lncubQtin& S~lutiQDI

Tissue§

f)u:;Qo se Il.u.4
(1) Distilled waterpH adjusted
Establish that pH did
3·5-7.6) adjusted with hydrochloric not cause results
acid & ammonium hfdroxide
attributed to PTE.

(2) Double distilled water (pH
adjusted 3·5-7.6) adjusted with
hydrochloric acid & ammonium
hydroxide

Same as above.

(3) Physiological saline
(Ringer's and Locke's)

Establish that lack of
ionic balance did not
cause results attributed to PTE.

13
Table 2 (Cont 1 d.)
Sqlutiqna
(4)

lnAuPiting

~

1n

lnc~ating

m !a Uourl
Solutions

Potassium phosphate buffered
solutions {6.0-7.0 pH)

T1aaugs
Pyzpose

~

Establish that butter.
ed pH solutions did
not cause results
attributed to PTE
presence ot
this chemical in
extract does not cause
results attributed to
Estab~.!sh

PTE.

(6) 2.5 molar acetic acid in H20
(resulting in 2.5 pH)

Deactivate hormone and
used alone to show
that this acid at this
pH does not cause results attributed to
PTE.

(7) .1 molar hydrogen peroxide in
potassium phosphate butter
{pH 7.0)
(8) Hyaluronidase 1n sodium

phosphate butter 7.0 pH

Deactivate hormone and
used alone to show that
this combination did
not cause results
attributed to PTE.
Indicate it PTE and
hyaluronidase act on
the same substance.

An experimental slide was incubated in

50 ml ot one or the

above solutions containing .4 ml ot PTE (excluding those in the
hyaluronidase and phenol studies where no PTE was added).

A

control slide was incubated just like an experimental slide but
there was no PTE in the incubating media.
Following incubation, slides were stained to detect alterations in calcium, collagen, and acid mucopolysaccharides, ac.
cording to the following briet resume/ •
.c81c1um.
eous solution with an ad
Alizarin Red S in
/

or

14
6.)-6.5, gave high specificity and good demonstration of cal-

cium salts found in tissue sections (Dahl,

'52). The pH is ad-

justed with a 1/100 dilution of 28% ammonia water.

This method

resulted in calcium showing up as a crimson lake (Lillie,

1

54).

Qgllaggn.
Mallory's Triple Connective Tissue Stain resulted in aniline blue staining connective tissue and cartilage; orange G
staining blood, myelin and muscle; briebrich scarlet staining
the remaining tissue elements; and hematoxylin giving a perma.
nent nuclear stain (Humason,

1

62).

Baker ('58) reported that

phosphomolybdic acid treatment before and after staining with
aniline blue, results in collagen and no other tissue element
being stained by the aniline blue.
~

Mucopglxsagcharides.
Acid mucopolysaccharides, both simple and sulfated were

well stained by alcian blue and metachromatic dyes at a low pH
by a salt linkage with the acidic groups (Steadman,

'50).

Pearce ( 161) regarded metachromatic material in fixed tissues
embedded in paraffin, whose metachromasia is reversible by treatment with a purified testis extract (hyaluronidase) to be ot a
mucopolysaccharide nature.

He specifically claims this revers-

ible metachromasia to be due to either the presence ot chondroitin sulfate or hyaluronic acid or a combination of them
both.

Meyer ('46) stated that only chondroitin sulfate would

produce metachromasia.
The procedure used for staining with methylene blue is
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briefly related at this time, since it was the only procedure
modified as found in the literature.

Cleared and hydrated

slides were placed in 95% alcohol for two minutes and then in a
.025% methylene blue solution in 95% alcohol for ten seconds.
After this staining period, the slides were immersed in cold
distilled H20 tor a quick rinse.

The slides were then dehydrat.

ed in two changes of acetone, one change of acetone-xylene, and
cleared in xylene.

All slides were mounted with Harleco Syn.

thetic Resin (HSR).
Table 3
~ ~ Stain§
Procedntt UJ14
(1) Mallory Triple C.T.
(Humason, 162)

~

aD4 thai, Pgrgo11
~ !b§ Pu;pos§
Collagen

~

§tudying

(2)

Alizarin Red S (Water)
(Pearse, '61)

Calcium

(3)

Alcian Blue (Water)
alone or with neutral red
(Drury and Wallington, t67)

Mucopolysaccharides

(4)

Toluidine Blue (Water)
(Pearse, '61)

Mucopolysaccharides

(5) Methylene Blue (Alcohol)
(See modification above)

Mucopolysaccharides

(6) P.A.s, • Counter stained with
hematoxylin or fast green
{Humason, '62)

Glycogen Alteration

(7) Hematoxylin (H20) (Humason,

General Histology

1 62)

(8) Eosin Y (95% Alcohol)

General Histology

(9) Fast Green (95% Alcohol)

General Histology

(Humason,

{Humason,

1

1

62)

62)
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Staining times and pH of stains were watched closely to
insure controls and experimentals differed only in the presence

or

PTE.

Slides were dehydrated in acetone (in metachromasia

studies) or alcohols, cleared in xylene and mounted with HSR.
Histological investigation was then carried out with particular
interest paid to differences in stain intensity and metachromasia.

These differ-ences were correlated to fixative,

composition of incubating solution, pH of solution, and time ot
incubation.
Hyaluronidase extraction tor 24 or 48 hours in a sodium
phosphate buffered solution (pH 7.0) was used in experimental
controls to establish the nature or the compound PTE was ob.
served to be removing (Drury and Wallington, '67).

Acid hY-

drolysis by acetic acid (2.5 molar) and oxidation with hydrogen
peroxide as reported by Rasmussen ('59) were used to deactivate
PTE.

His technique was modified by this investigator, in that

.4 ml ot PTE was dissolved in

50 ml of a 2.5 molar solution ot

acetic acid and then slides were placed in the resulting mixture
for incubation.

First it was established that the solution of

2.5 molar acetic acid did not reduce metachromasia.

In using

oxidation to deactivate the hormone, 0.1 moles ot hydrogen
peroxide was dissolved· in a potassium phosphate butter pH 6.0.

7.0; into 50 ml or this solution .4 ml PTE was dissolved.
Finally, slides were placed in the total aforementioned solution
tor incubation.

EXPERIMENTAL RESULTS
It was determined after incubating tissues with only .2 ml
PTE in 50 ml of incubating solution that this concentration was
not sufficient to remove all calcium demonstrable by alizarin
red

s. Further, after attempting a variety of incubation times,

48 hours was decided upon because it gave maximum results
(table 4).
In order to

d~tect

alterations in the staining of calcium,

collagen,and acid mueopolysaccharides after PTE incubation, attention was focused on endochondral ossification centers in the
hard palate, membrane ossification centers around Meckel's ear.
tilage, Meckel's

cartilag~and

nasal cartilage.

Gengral Obseryatioua.
Tissue sections from chemically fixed and frozen, fetal rat
heads when incubated in .4 ml PTE in
for 48 hours

sho~ed

50 ml of water at 37-380C

alterations in staining of calcium, collagen,

and acid mucopolysaccharides.
Specifi; O~setyat1ons: Qolciw;.
In controls and experimentals, aliz.arin red S was used to
indicate the presence or absence or calcium.

The majority ot pH

studies were conducted du.ring the 1nit1.al phase of experimenta..
tion on the effect of PTE on calcium (table

5).

The results

from this section indicate that slides incubated in distilled
water, physiological saline (Ringer's or Locke 1 s, solutions ot
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water at pH 3·5-7.0, or phosphate buffered solutions at pH 6.0-

7.0 when they contain .4 ml of PTE per 50 cc of solution, and
after they have been incubated at 37-38°C for 48 nours show a
complete removal of calcium (figures 1-2).
ColliieA•
It was observed in sections exposed to PTE treatment for
48 hours that the aniline blue component of the Mallory's connective tissue stains, stained collagen fibers more deeply than
it stained collagen in control sections.

Treatment consisted

of incubating tissue sections at 37-38oc tor 48 hours with .4 ml
of PTE in 50 ml or distilled water (table 6; figures 3-4).
To determine any difference in acid mucopolysaccharide&
after treatment or tissue sections with PTE, the intensity of
metachromasia produced in bone and cartilage matrix was used as
an indication of altered acid mucopolysaccharide& (table 6).

In

control slides there was observed a very clear-cut metachromasia
developed after staining with toluidine blue or our modified
methylene blue technique (figures 5-6).

In experimentals, meta-

chromasia was either greatly reduced or almost completely absent
depending on the fixative used (table 7; figures 11 and 14).

In

experimental tissue sections stained with alcian blue and neutral
red, a decreased staining of bone and cartilage matrix was observed (figures 7-8).
Parathyro1a Extract.
Using the altered approach of Rasmussen ('59) it was ob-
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served that if .4 ml of PTE was incubated in a

2.5 molar solu-

tion or acetic acid thus inactivating the hormone, this solu.
tion of PTE did not produce a decrease 1n metachromasia when
slides were incubated in this medium (figure 6).

No decrease

1n metachromasia was observed in slides incubated with PTE in-

activated by exposure to hydrogen peroxide oxidation.
incubated in

.5%

Slides

phenol tor times up to 48 hours did not show

alteration in calcium comparable to that produced by PTE.
FixatiQJl.
The results of this investigation indicate that the type of'
fixation has no noticeable effect on the action of' PTE.

The

only difference noted was that in sections obtained from frozen
specimens, when exposed to PTE treatment, the metachromasia was
observed as tiny sand-like granules in the cartilage matrix,
while that 1n fixed tissues was not (figures 13-14).

There was

a great decrease in metachromasia and the general appearance of'
the matrix in frozen tissue sections after incubation with PTE
was of a broken down nature.

By ''broken down," reference is

made to the observation that the walls of lacunae were not discernible (figure 13).
lncubating SQlutions.
The purpose of this study was to determine the best solution to use as a general incubating media.

Since neither the pH

ot the solution resulting from mixing .4 ml of' PTE in 50 ml of'
water nor the pH of' the water itself produced results that the
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extract in water produced, distilled water could be used for incubation (table 5).

Dist:t.lled water was therefore chosen as the

solvent for PTE, so that results could be attributed only to the
PTE and not to the solvent used.
liyaluroniQ.as§ Extractign.
Hyaluronidase extraction was used to pin down the specific
acid mucopolysaccharide on which PTE was acting.

After treat.

ment with hyaluronidase, it was noted that the same type of
metachromasia loss, although not quite as great, was produced
as reported previously using PTE.

Using both treatments on

tissues fixed in formaldehyde containing fixatives, one after
the other, a greater loss of metachromasia was observed than
with either treatment alone, suggesting similar action on what
seems to be chondroitin sulfate (figures 10 and 12).

DISCUSSION

The results of this work lend support to the contention
that PTE can remove calcium from dead tissue (Martindale and
Heaton, •65).

The method by which this removal is effected

could possibly be due to an activation of' the enzymatic system
described by Vaes ('65).
Almost all research concerning bone resorption has been
carried out using iD

~

and in yitrg techniques.

Parathyroid

extract was permitted to act on living tissue, and the effect of
PTE was observed after histological preparation of that tissue.
Since the approach used in this investigation, differed from
those of other investigators, in that PTE was permitted to act
on tissues already histologically prepared, an examination of'
our methods will follow.
The first point that needed to be established, was that results from the technique used were attributable to the biolog.
:tcally active portion of the PTE preparation and not some other
component of the extract.

It was established that the

.5%

phenol

in the extract was not able to produce results brought about by
PTE.

Incubating tissue sections in a

duced control-like results (figure 1).

.5%

phenol solution pro-

The methods outlined by

Rasmussen ('59) for deactivat:tng PTE were modified in order to
establish that results were due to an active hormone.
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When this

22

oxidized or hydrolyzed hormonal preparation was used, metachromasia was produced as if the hormone was not present in the
incubating solution (figure 6).
slides in .1

~olar

'

It was found that incubating

hydrogen peroxide in a phosphate buffer pH

7.0 caused the tissue sections incubating with the deactivated
hormone, to detach from the slides in some cases.

An explana.

tion for this could be that the incubating solution was strong
enough to oxidize protein elements holding the tissue sections
to the slides resulting in the sections detaching.

This detach-

ing occurred only when using oxidation deactivation and in no
other procedures which would indicate the hormone played no role
in the detachment of the tissue section.
A variety of fixatives were employed (table 7) and none of
the chemical fixatives used seemed to vary the activity of PTE
on the metachromatic components of bone and cartilage, although
a decrease in background staining was observed in fixatives not
containing formaldehyde.

This is attributed to the effect of

formaldehyde on amino groups, rendering them slightly acidic and
therefore basophilic in regard to staining.
would then take up more of basic dyes.

These amino groups

This is the only point

of variance in pH that could account for an increased basophilia
of tissue elements since the pH of all stains used were watched
closely to keep them at the prescribed staining range for maximum results.

Sections from frozen prepared rat heads produced

the most interesting results.

After PTE treatment of sections

trom frozen prepared fetal rat heads, a matrix break up was
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observed most evident in the cartilage matrix (figure 13).
Metachromasia in these sections was observed as tiny sand-like
granules (which are not clearly shown in figure 13), further
indicating a break up or matrix.

This observed break up would

also indicate a collagenolytic ability in the PTE, or the
ability or the extract to liberate the lytic agent from the
hypertrophic osteocytes as described by Belanger et al., ('63),
or some component of the matrix.
The results as reported can therefore he attributed to the
biologically active portion of the parathyroid extract and that
neither fixation nor the incubating solutions used are modifying
factors as far as can be determined.
That PTE effects removal of calcium from bone is a long
established tact.

These results indicate that calcium is lib-

erated into the incubating media, from the ossification center
as PTE acts on the acid mucopolysaccharides of that center.

A.

determination or what specific acid mucopolysaccharide PTE may
/

/

act on necessitates a brief resume or the literature on acid
mucopolysaccharide&.

Hyaluronidase extraction has been shown to

cause a decrease or the removal of metachromasia produced by
chondroitin sulfate or hyaluronic acid or a combination or them
both (Pearse,

1

61).

Meyer ( 1 46) states that only chondroitin

sulfate causes this reversible metachromasia.

Ham ( 1 65) claims

that chondroitin sulfate is the only acid mucopolysaccharide
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that is not washed out of cartilage and bone in fixation.

Fi-

nally, Engel ('52) relates that chondroitin sulfate and other
like acid mucopolysaccharides are the cementing substances between calcium and the organic matrix.

This short review of

pertinent literature tends to indicate that PTE was acting on
chondroitin sulfate in the metachromasia studies of this experiment.
Ham ('65) reports that bone and cartilage contain elements
for their own destruction.

If this destruction system is at the

enzyme level as reported by Vaes { 1 65), might not PTE trigger
this mechanism even in fixed tissues (Martindale and Heaton,

'65) where activity can occur but not be mediated by any living
components?
If one conceives of acid mucopolysaecharides as bathing
collagen fibers, and calcium crystals as being impregnated in
this amorphous acid mucopolysaccharide substance as well as on
the surface of collagen fibers (Ham,

1

65), the following theory

or bone resorption is indicated by this work.

The primary effect

of PTE would be on the acid mucopolysaccharide amorphous substance (specifically on chondroitin sulfate) dissolving or
depolymerizing it away by methods undetermined at this time.
After the dissolution of this amorphous cementing substance,
calcium would be freed.
degrading collagen.

The next problem would be a need for

The observations

rc~orted

in this work on

fresh frozen sections after PTE treatment, indicated that PTE
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either acted on the collagen or caused something else to act on
it resulting in what was called a "broken do·wn" nature.

This

possible theory or bone resorption, i.e., PTE acts on chondro.
itin sulfate to remove calcium from bone and then by itselt or
by causing something else to, degrades collagen is well within
the realm or present thought to be probable and represents only
the addition of what PTE may primarily act on to produce calcium
removal.

I.
I

I

SU.MA1ARY

AND CONCLUSIONS

A technique was used in which fixed and frozen tissue sections from fetal Sprague-Dawley albino rats averaging 17-1/2
days fetal age, were incubated in .8% solutions of PTE.

The

following results are based on over 750 slides from fetal rats
of 20 litters.
1.

Slides of fixed and frozen sectioned fetal rat heads when
incubated with .4 ml of PTE in 50 cc distilled water (.8%)
show alterations in the staining of calcium, collagen, and
acid mucopolysaccharides.

2.

The alterations reported are a loss of histochemically
demonstrable calcium, a loss of metachromasia produced by
acid rnucopolysaccharides, and a more intense staining of
collagen; all were observed after incubation with PTE.
These alterations correspond with three phases of bone re.
sorption, i.e., (1) the depolymerization of the acid
mucopolysaccharides, (2) the removal of calcium, and (3)
the degradation of collagen.

3·

The alterations have been attributed to the biologically
active portion of the extract.

b

4.
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Results were not grossly affected by different methods ot
fixation.

5. The primary action of PTE seems to be the removal ot the
cementing substance between calcium and the organic matrix.
Based on the literature, this substance is thought to be
chondroitin sulfate.
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Table 4

in 50 ml

Time
ot
tncubatiQD

10

• 2 ml

6 hrs •

14

.2 ml

24 hrs.

slight calcium removal

11

• 4 ml

24 hrs •

slight amounts still present

175
15

.4 ml

48 hrs.

no demonstrable calcium

.4 ml

96 hrs.

no improvement on 48 hr.
results

Slides
,Us~d

Cone.
H2 0

Observations on the Alizarin
Red s Demonstration ot Calcium
ittet 4ncubition with PTE
no determinable calcium re.
moval
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Table
~

5

Stud1e§ Incorporating

Re§ultl EtQm All fi;atiye§

pH

ot

Incubating
Solut1gn

2.5

pH

Effect
on
Calcium

~

2l1dea

Effect
on
Metachromasia
No.
§lidea.

5 removes CA

19 None

No.

-- .._....

4.1

7

None

5.0
5.5
4.5
5.5

21

None

108

None

265 None

6 None

-- ........
..___

6.0

10

None

11 None
7 effects

calcium
removal

* Causes

-- ----

--

8 None

15 None *

tissue to detach from slides in some cases

Table 6
Table £! Stains ~
.iU1S1 RQ§Ults ~
Micrqscopig ~xaminatioo g!
Contrgl and ~xperimeutal
§11<1~

Purpose ot
Sta;1n Usgs1
Alizarin

detect change
1n calcium

Histologic
Tot. No. of
Difference from
Sligea StaiD§Q Contrqls

175' -t-

absence of
staining

Alcian Blue& detect change
Neutral Red in acid
Mucopoly.

55' •

decreased intensity of staining

Periodic
Acid Shifts
Fast Green

detect change in
glycogen

20 •

no difference

Methylene
Blue

detect change 1n
acid .Mucopoly.

180 1-

Toluidine
Blue

detect change in
acid Mueopoly.

Hematoxylin
Eosin Y

general histology

Mallory• s
Triple
Connective
Tissue

detect alteration
in collagen

Fast Green

general background histology

• 23 fetal rat heads provided
tissue for these staining
procedures

great decrease in
metachromasia
great decrease in
metachromasia

50 *

decrease intensity
increase intensity
aniline staining

105

·+-

*

decrease intensity
of stain

All 56 fetal rat heads used
(see Table 7 ) provided
tissue sections for these
staining procedures
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Table 7

Qt. fiesul:ta :§ased

Summar~

fi&atiy~s

Fixa;tiye

.Ql1

Jl.wiul

After Treatment
with PTE
Observ. on
Observ. o
Residual
Residual
No. ot
Total No. of Metachromasia Calcium
Fetal Rat Slides Prod. No.
No.
S11,ges
Heads
§nd Stainecl Sl1,des

F.A.A. (1-1-18)

15

Neutral Formalin

*
*

325

106

Slight

73

None

15
8 +

245

93

Slight

65

None

60

25

Slight

8

None

Alcohol

8+-

60

21

Slight

10

None

1/2 80% Alcohol
1/2 Acetone

8+

60

30

Slight

Frozen

3+

50

30

Slight

Acetone
807~

*

Intermixed from
sixteen different
mothers

+

Intermixed from
tour different
mothers

9 None
10

None

PLATE I
EXPLANATIOU OF FIGUHES

or hard palate :i.ncubated in 50 rnl or
distilled water pi! ?.5 tor 48 haUl's and stained with
alizar1.n red s. Ti.ssue was fixed in F .A.A. This

1 Tissue section

photomicrograph is representative of results obtained
in all control situations stained to show presence of
calcium. Note red alizarin lake formation. XlOO.

2

Tissue sect:ton of hard palate incubated in 50 ml of'
distilled.water pll ?.? containing .4 ml parathyroid
extract (PTE) tor 48 hours and stained with alizarin
red s. This photomicrograph is representative of' results
obtuined in all experimental situations stained to show
etf'ect of' PTE on calcium in rnembrane and endochondral
ossification centers. Note lack of, l'ed alizarin lake
form.ntion. noo.
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FIGURE 1

FIGURE 2

PLATE II
EXPLANATION OF FIGURES

3 Tissue section or Meckel's cartilage incubated in 50 ml
or distilled water pH 5.5 for 48 hours and stained with
the 1~llory's Triple Connective Tissue Stain. The tissue
was fixed in neutral formalin. Note slight blue staining
of collagen. XlOO.
4

Tissue section of },"eckel' s cartilage incubated in 50 ml
of distilled water RH_5,5 containing .4 ml PTE for 48
hours and stained with the Mallory's Triple Connective
Tissue Stain. Tissue was fixed in neutral formalin.
Note intense staining of collagen. XlOO.
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FIGURE

3

. ·-- -

'FIGURE 4

..:-o - - - - - -

l

PLATE III
EXPLANATION OF FIGURES

5 Tissue section of Meckel•s cartilage incubated in 50 ml of

distilled water p.fi 5.5 for 48 hours and stained with the
rnetachromat:l.c dye toluidine blue. Tissue was :r:txed in
80% alcohol. This photomicrograph is :tndicativo of all
slides stained with toluidine blue under control situations
or conditions described ill the text as "control like".
l~ote depth of staining.
XlOO.

6 Tissue section of Meckel's cartilage incubated in 50 ml of
a 2.5 m solution of acetic acid for 48 hours containing
.4 ml of PTE and stained with methylene blue. Tissue was
fixed in 80% alcohol. This photomicrograph is also
representative of cont:rol results when slides are stained
with methylene blue. Nota depth or staining. Compare
with figure 11. XlOO.
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FIGURE 5

FIGURE 6

PLATE IV
EXPLANATION OF FIGURES

7 Tissue section of nasal cartilage incubated in 50 ml of

djstilled water pH 5.5 for 48 hours and stained v.ith
alcian blue 3nd neutral red. Tissue was fixed in F.A.A.
This photomicrograph is representative of control results
when slides are stained with alcian blue and neut;ral red.
Note staining of alcian blue.
XlOO.

8

Tissue section of nasal cartilage incubated in 50 ml of
distilled water pH 5.5 containing .4 ml PTE for 48 hours
and stained with alcian blue and r1eutral red. 1'issue was
fixed in F .A.A. This photomicz·ograph is representative of
experimental results when slides ~re stained with alcian
blue and neutral red. Hote light(!l' alcian blue staining
when compared to figure 7. XlOO.
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·.L. ~--------

FIGURE 7

FIGURE 8

I

PLATE V
EXPLANATION OF FIGURES

9 Tissue section or nasal cartilage incubated in 50

m1 or a
.1 m concentration or hydrogen peroxide in a potassium
phosphate buffer pH 7.0 for 48 hours and stained with
toluidine blue. Tissue was fixed in So% alcohol. Note
no loss of metachromasia. XlOO.

10

Tissue section or nasal cartilage incubated in '0 ml or
a phosphate buffer pH 6.9 containing hyaluronidase for ·
48 hours and stained with toluidine blue. Tissue was
fixed in F.A.A. Note lighter staining when compared to
figure 9. XlOO.
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lP!GURE 9

FIGURE 10

PLATE VI
EXPLANATION OF FIGURES
11

Tissue section of Meckel's cartilage incubated in 50 ml
of distilled water pH 5.5 containing .4 ml PTE for 48
hours and stained with methylene blue. Tissue was fixed
in So% alcohol. This photomicrograph is representative
of experimental results when slides are stained with
methylene blue. Note almost a complete lack of staining.
Compare with figure 6. XlOO.

12

Tissue section of nasal cartilage incubated in 50 ml of a
phosphate buffer pH 6.9 containing hyaluronidase for 48
hours and then in distilled water (50 ml) pH 5.5 containing
.4 ml of PTE for 48 hours and finally stained with
toluidine blue. Tissue was fixed in F.A.A. Note almost
a complete lack of staining,compare to figures 10 and 14.
XlOO.
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FIGURE
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FIGURE, 12
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PLATE VII
EXPLANATION OF FIGURES

13 Tissue section of nasal cartilage incubated in 50 ml of
distilled water pH 5.5 containing PTE for 48 hours and
stained with methylene blue. Tissue was fresh frozen.
Note lack of discernible walls on the lacunae, compare
to figure 14. XlOO.

14

Tissue section or Meckel's ca,rtilage incubated in 50 m1 of
distilled water pH 5.5 eontain1.ng PTE for 48 hours and
staineCI. with methylene blue. Tissu.e was fixed in F.A.A.
The photomicrograph is representative of the residual
metachromasia after PTE treatment described in the text
when formaldehyde fixatives were used, It is to be
contrasted to figure 11 where almost no residual metachromasia was observed in tissue·rixed in non-formaldehyde
containing fixatives. XlOO.
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FIGURE 13

FIGURE .14
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